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1 1 mm(Dmmitm(Dmmmmo 
im^m 1 3 ] 

[»^^ 14] 

mmmmiiK Aimit^^^^. Miczn, Ni, n, f, sn, co, 

Zr, Ce, S iJktJ^P ti!}^ihmitnt:ii}^^<t^l-D(Dmitm^^/vX\'^^m 

1 3 mm<D}^mitm(DmmmUo 
m^m 1 5 ] 

mmit}'y^mBmmi>\ x^f^7^--e^^m#]S9:&v^b^*^l 4(^)v^•rtl*^ 

[M^^l 6] 

•^^ ^-/\(DttfS31^g&M5tfX®#fc$&$:^PlhS-ft-5#©$:iiA.fe»#^l 5|a«® 
[0 0 0 1] 

[0 0 0 2] 

M^it^ (Perf luorocompound) li, CF^, CHF3, CgFg, CHgFg, 
CgFg, CgFg, SFg, NFg^^*®, ig^$!'^*&V^. i: :7 ^, 
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^< (CgFg-t? 1 0 ,0 0 0*^ , S FgT3 ,2 0 0^) , W^itmSifj'^^^^^^ 

7 0 3 2 2^^AmRX^^m^l 1 -3 1 94 8 5 #^^C|B«$ tlT V^-Sc "T^ 
;!fX$:^tf#?5fX$:, ^(K ($>-5 V^^iT;l/;5J V T'?^#L.. ^(D^. ^(DWiS 

[0 0 0 3] 

Wi^ ® X -/ ^ > ^*^«)b'?^ih-r -5 :t <fc y ]^ V P> ti T s „ 

[0 0 0 4] 
[0 0 0 5] 

m-^t\^f=.%^(omM\ziii}Wi^\\^xm^'t^r^^. m.m-^t\^^isysm.^\mm-i.m 

[0 0 0 6] 
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[0 0 0 7] 
[0 0 0 8] 

iCZn, Ni, Ti, F, Sn, Co, Zr, Ce. S i ^RtJ^ P t *vP,^lJ4x;^ 
^^>J&<^=fe;lo<^!)M>ffc#^S:-^^-ev^^M^S:Mv^-5^i:*^M^ bv>„ ^©j:-?:^ 
M^5:ffiv^s:n^:^c<^:oT, 2 o o~8 o ox:<Di&\>^umxi&mt^^1^m!^< 

^m-t^:iilt)^X^^. #IC, M^a, NiAlgO^, Z nA I2O4® J;e>C 
[0 0 0 9] 

[0 0 1 0] 
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(i^m^i 1 - 7 0 3 2 2^^mizmm^nx\f^^mm^m\'^xPFc^'^m-t 

^b. S Fg CD^^ICJ; y SO3 :R:Z^HF*^^^b, N F3 <0:9-fi^JC<}: »; N O x 
(NO. NO2 ) ;5:tJ^HF*^f§^f So z:©J;e)lc, P F ca)i>^fc<fc y ^^(^ 
mtt;!f>^(HF, SO3, NOx) ;&^^fife$txS. PJ.±<D^mRmti^TmK (1) 

^, (2) ^;5LtF (3) ^iz^^n^. 

[0 0 1 1 ] 

CF4 + 2H2O CO2 + 4HF (1) 

SFg + 3 ^ SO3 + 6HF (2) 

2NF3 + 3 H2O -» NO + NO2 + 6HF (3) 

P F C<D^miSy^X':^^m^iij'^ (SO3, HF. NO, NOg) it. m:^^^ 

wmi}-'^misy(.tmzmm^tix\(^^:r.iit>'mm^nrz.. mK.ii. sFg^o.s 
i^xsFQ^^mht=.m^izit. mmij-hVvi^f}-^^<Dmif:^ (so3^-^tf) 

ij^m^-^tl^^iSy^miWmti^^lt. J^l 5 0 c c/H r©zK:$> (SO3 

>/>^^-^p^-erti^® s O3 hcD^i^^^Jsr MCSO3 :6^#4>ic 
PFCi:bTNF3 *^Mv^^tufc^-^^c^i, t7 - tl, 

[0 0 12] 
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[0 0 13] 

[0 0 14] 
[0 0 15] 

it. 6 S^tJf 6 9 $:'ei;t7^:n-/5^>^*^g6 7. ^t^rn^y 

^>^^-Y>A- 7 i :5:tf 7 2 $:«i;^feaiv)/^>^^S7 0 j^j'^lgg $ tl o 

y^mmmmnvxit. ai^y^^^'^^-v^y^-e s, 6 9, 71^5:1^7 2 J()^e>tf^^ii 

6 8, 6 9, 7 i:5.tJ^7 2CD-etl^tlJC^^$tlS:«fX^ffi« 
74A, 74B, 74C^t?74Dtt, 1 :2f:(Z)iB*t4 0 tC^ «?) &tl<5>o PFC 

ti<5o K^;J<>:;^73A, 7 a b, i ^cikx^i ZT>iiK i^7.m&t^^ 4: a, 

7 4B, 7 4 C:R.tK7 4 DlC^S$tl<5o 
[0 0 16] 
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6 8, 6 9. 7 1RXJ^7 ZlHiZ^tl'etl^m^n^o P F CitS:^it-:f^ X^if^ 

„ a:>y^>y5^^>/'?- 6 8, 6 9, 1 1 RX:^7 2<D^^K^^^tl^P F Citf 
X(D~m (10 — 30%) it. #X»yf^>y^^>A-|^T'®a:^y^>-5f^SlC 
ctym^^tlSc K^>J<>::''7 3 A, 73B, 7 3 CJS:t;7 3 D5:^tl-?4xl^l& 
•t-Sr tlCj; oc^y^^^i^'^^^A- 6 8, 6 9, 7 1 7 2 ®-?-tl^tl*^ 
e>(>D#5t}*>^l±, it!y^mm^7 4 A, 7 4B. 7 4 CS:t>*7 4 DS:iioTiB^4 0 
f^-e-^tj^b, P FC^aa^gl P^lC-gfcj^^tV-So ^^WifSXlt. :r.^y^y^^^ 
>7t- 6 8, 6 9, 7 i;S:r)f7 2l^T'M«^ti:^*^o:/^P FC5b*:^S:-^^TV^S 
o 3Stc, ^(Z)^^>(.l*, ^ai-z^^^'^-v^/^-I^T'F FC:j5;xJ;*;air^e«IlCf6 
^LfcHF, ^•a^:r.;\-^m^:Lli\zX S i F^ ^=fe-^^l?V^So 

6 8,6 9 , 7 l^t^7 2 p^$::feJBblC-t-5X^Ji<> 7 3 A 
, 73B, 7 3 CS:t^7 3 Dp^lC, |ft^tt§|5^^Jg|:^'a®^tt:«':^T'feSHF*> 
e>'9^«-t-5 7^«?)JC, Ng :jtfX7b^$ft^t-t^$:®bT#tJ^^tiSo PFC 
^S^gl JCSTb^tlSP^S/^^tfKDP FCa^Kli. $&0.5 ro'efeSo -€-®PFC 
;?fXli, P FC^a^ttl lCj:oT4>^$tl-&o P F C^S^ff 1 &#m^ tl 
3t#;5fXl±, iB^4 9 §:ST#^^^^ h 7 5^C#m^4^<So PFC^S^gllC 
#fc^$tiS#;tfxtti®PFcm^, :S:tJfPFC^S^gl3b^&#fffi^ti:/^#:^/x 
ifiODP FC^i^«^$tl-5o :«tS^Sl A^e3#^ffi$ti:fe#:*fX®PFC^g^$: 

muKOKumhL^umcDPFcmmiz^^^^m^fs'h. M^iKis®M^i4«evN 

[0 0 17] 
[0 0 18] 

:^mm0ts'mrj:-mmmx&^pFc^mmm^. mi^m^^xmm-t^. ^ 
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mmmcDFFcmmmmiit. ^^mm^mu, r^5^2, ^^mme, mii^^iy 

X>^l/-f 1 1 Sn^aPfcmxVN^o @B^4 0l±AP^m^8(D^:SM9 J; 
^©^raiC^^Stl§„ AP3f5«^8(7)^«M9 J:y=fo_h;^(Z)^^«, 12^4 1 
iz^^xy.-ztv^imi OVLWm-^n^. Km^2\%^ rate, Mi^:3fj-hU^yS>' 

zMMWi^^^^M-t^. mmi}-v^)^yvz\%^ \>im\zmmfr^%m.-^t\^rM 
mm^m-t^. mm^tit=.mmit. Ai(Dm^tmx'$>^Ai20^^so%, ni 

fd;^2<D^mizmif^n^. ^i^^2izmm-^ti^'^mm.6it. ^miz^':f\y>( 

[0 0 19] 

mmsy^m^mmx&^mi^'::^m^mi sit. i^^t% ji^icx:/^-f 15$: 

1 4 ^rSBMbTV^S. P;ff>^gfe?^^l 3lC^^$tlS^7K^>^^ 1 2*^, 
mWmi S(Dr:&iZ^W:-t^. tf^^lK^^^^ 1 21*, @H^4 5 1CJ;oT?^JP^6 1C 
^^^tlSo AP^«^8 0D^mM9 <fc»;%T*®^^JCj^^$tlSiH1f 5 lit 
, 0 7{Cat-r J:^ic, J::e'J;y#f;!K^>^ 1 2|^lc#A$tiTv>^o iB^5 7CD 

5 9:S:r?7n- h^yA°6 0:?b'^^i;te>nTvvs„ ^^/^®:7n- hM5 8 tt. m 
If 5 7|^-Z?-?-®T5§^^lC^J-t^tl-5o g(D5|SV>^M*^*<5>^n- h>yA6 0 

a. Z7u-hm5 8^i)^±:^xm^5 7mizwtvf(bti^. bb^s 7|^^c^v^T 

:7D- hffis 8 i::7D- h^yyie 0 iicD^lc. :7n - h 5 9 *^SBg$ti 
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[0 0 2 0] 

@e^5 3ti#*^>^ 1 2lCg^^^4x-5c ±^5^2 OlZ^^^tl^ Fl/>P2 2 
[0 0 2 1] 

aiif^^5?- 2 4 S5lC^-r aiif ^ -3j?5='>f - 2 5 , 

2 7Jg;tJ^^ffiy X;i/3 4 ai-^^' ^ -#5='^' - 2 5 li, P^gP^^ 2 6 $: 

6lC:5^-r^OlC, y X;i/SP2 8®$fc^SP^CfeC3i^tlTV^S„ p^#*^>^ 2 mm-e^ 

— 2 5<D—mzM\^l^xmM^ti^o «®*f7X;i/2 7(DyX;i/g|S2 SCD^fe^ld:, 

3 0ii. y X;i/g|S2 8i^ic?^fig$ti§?^{^3 1. ;5:OJ|^gp^^2 6lC^5^$tlS 
o XJ\/3 4lt. A^y ^>iJ^3 7 Sr^rrLTxif^ -2 5<Z)fa3gJC 
MlRlLTiBS^n'So X;i/3 4(Z)PmM]^3 5:«)'5. y X;i/aiS2 SCtlCji 
*ti:ti®JH-SP2 9 i:>ttisi-r-5o #^m®{^3 5 <DAatf^[Hm^m2 6 lC3*^$tlS 
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xD-^sp7 7)^)^p>^mp7 s iz\^ii}^ ^xm^mmmt>miz-t^. ^^(D^m 

3 2, i«|^yX;i/2 7, 3iif^t5t-iK7^>f-2 5S.t;f^m>^X;i/3 4*^ Cl^flM 

tciHfiS4x, 7 8;5:t)^^^y h 7 9 iciioT^'&^tiSo #A^R3 2, i«lif 

[0 0 2 2] 

:tgfmP 2 1 lC3i|&Stl-&o gH^4 8 tt, oi-fe'^ ^ - 2 5 Pi(D\Hn^^ 

2 6lcM5^$tl-5o h 7 5lC^g^$tlSiB^4 9 li. ^m7X;i/3 4® 

i^ffiP7 8fi[f{C^)^$n-5o @31f 4 9lCg^^$tl€>^M;*cKU>@aif 5 # 
7fc^>^^ 1 2 icm^^ti-So ;!K«j^W5 oiix-/i/-Y 1 SJC^^^tlSo 7K«^ 
^5 1;{)^ x>^ix>r 1 1 IC^^StlSc ;!K#^^^5 2*^x::^i/-f 7lCgg^$tl-5 
o 7K«i^^5 i^tt;^5 2 lixK^^^S 0lC^^$tl-5c 
[0 0 2 3] 

ffiM^^««&^e 8 1 #x.«3 2icmy{ifi:te)n-5= mm^^^^^u 

8 1 li. SI lC5^-rJ:e)lc, ^^«$&^5 6, ffi:d^M#6 3 jSS:t)^^^#^^^ 
6 4 5:«SA.So ^^^^&^5 6(i. 3 2 {Cg|^$ tl, ?fSAP 3 3 {CJ^^S 

tiSo JE:dM^#6 3li^^«$&^ 5 6ic|gg$ti> 6 4 «JE:dm^ 

[0 0 2 4] 
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, PFCilbTSFg :5LlrC2Fg$:MV^fe^■^S:M^CiloTm^■r•5o 
[0 0 2 5] 

m^^^yzflSA, 7 3B, 7 3 C^Ltl^V 3 D®igl&lCJ; y 
A-6 8, 6 9, 7 i;SLtJ^7 2:!b^e>fm$tl^, P F C S Fg jSttJ^Cg Fg 

, S i F4 2Stt)^HF$:-^tf#;i/:^li, @H^4 0 ^:^bT>?r-rmi^5S^«®AP3^ 

7K*v x::^l/-r 1 1 i: Ux:;^l^>r^l 0 f^lcitl!f^ti-&o ^(D::^^ l^^fTKli. SB 
1 2|^<Z)#;!K*^#7K5K>:;^8 0©|ggfrlci:>;, #;^c^4 6:5:1)^12^6 6^mx^ 

[0 0 2 6] 

1 0|:^fCitJ|5f$tifex:;^l/-r7K) ilg^Mf -5:1 ^ICj: y (4) ^(O^R^S^r^D, 
S i Og^HF illC^^^g^tl-So 
[0 0 2 7] 

S i F4 + 2 HgO S i O2 + 4 HF - (4 ) 

AP^«^8lc«^Sti7^P:^xic-g-^tifcHF:S:tJf (4) ^CDiKDST^fi^S 
tlitHFa, AP^iK^8|:^'e7KlC®J|XSn, #:j!fX7!)^e>l^5SS tlSo Mm^X 

|^i-S;?KcZ)^M^^$:ii*n^i*, (4) ^(Z)Hi:5^^;5tt)fHFC?)7K^®lKra^ 
$:it:^$-ftSc S i O2 ^^^HF ^f^!\Zl^t^7Kit. 7 ^M-oX. AP^ 

(Dyfmm^. AP3^:K^8;g:tJfX>^l^>r^l 0 [Hxmzj^-oxm^^ti^o 

[0 0 2 8] 

Aa^mmsmxmzw^nrjffy^^t^HFit. mio^^umzy^^u-imi o 
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[0 0 2 9] 

7.-:ru-^mi 0*^bI^1f 4 2|^tC#m$tlfc^ S Fg ^tKCgFg^r-^tJ^^yx 
Id:, 6 0 U h;i//min (Z)^S4'eMlS^2 ®Jn^^^ 5 |^lC'#^j^$tl,So 

H F, S i F4 , ( 1 ) ^©M/S-e^^^tifc S i Og S:-^^T'V^ 

4 4 ic J: y ^^:&^#^^$ti<5o M^Of^ffiJCcfcS P FC©i)-^MJS5{)^in7Ki>«^T' 

li, *:5:tJt^^ii^tc, M^ODf^MlcJ;^ S Fg S.tJ^C2Fg<Di>^*-g|$&$4xS 
7 5 0TC©MSIC, M^4 {Ci:oTMStl<5= P F COSMIC J: o TM^-S> 

^6 5 0-7 5 0TC{Cin|^$tlSo ^tt> 7K^^i:^<5= ;!K^^, 
SFg :S:tJfC2Fg$:■^^T-7 5 O'Clcinl^^ti^^:**:^^. M^:^- h V 

[0 0 3 0] 

BMiJ- V U S;>'3 |^(DT;i/^-^mM^®f^Mlc j:oT, S Fg MO^^^i:^ 
H20^lcJ:^taM® (2) ^-^XSTmo (5) ti, SFg 

SFg + 3 HgO SO3 + 6HF (2) 
CgFg + 3 HgO + ^^(Og) -» 2CO2 + 6HF (5) 
liSOg hHFlC $tl, CgFgliCOg ^HFlC^^^tl^o (2) ^^ttJ^ 
(5) ^(Z);SlStt>!K^^®#^TT'^Tt>tl§c S Fg:S.tJfC2Fglil 0 0%^m-^ 

[0 0 3 1] 
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AlgOg^rS 0%JkXfN i OS:2 0%-^tfM^S:MV^S - i:lC<t oT. 7 5 0 
A 1 gOg?: 8 0 %^tJfN i O 5: 2 0 %^t$mm&^^-^^. 1 1 -70322# 

nr=Lmm(Dmm {Aim^tm^^^. zn, ni, ti, f, sn. co, zr 
, ce. s iRUP ti}^^mitnr:L{}.^rjt< n^i-cxDmiti^^^timm) s:ffiv^ 

T%PFCS:^«ST'^So 
[0 0 3 2] 

:^mmmii. ^^m^^mm^^x- (4) ^©siS&is^^itT, mis:^iz 

PFC®^^^^SrIoI±T-^-5o >^-r^$:-^W:**X*W/S^2|^lC#fc*&$tlfc 
@a^4 3lCj:oT^J^$tlS>*c(*fcl±7K^^) lCc};»J(4) ^©HJ^jb^AD 
I^^^Sf^-e^C. :^^$4x3tS i O2 hU ^yi^Sp^lc^^A-rSo :i 

^mits:^(D^nt)m<isti). mmnmisy^o^mmijmm^ti^o rti=b> pfc 

*laC|^5SLTVNS®-e> _fc|B®^®*^^C3&< p FC®^«S^^*^lplJ:-rSo 
[0 0 3 3] 

SFg j5:t>*C2Fg®#>*(Z):$)-0;5fxT'^-5SO3, C 02S:tJ^H F $:-^tf#f:tr:^ 
li, M^^-hU ^y^^'3 3&^P,?^^|I^6^^^C#tm$tlS„ 7K#^*&^5 2CJ:oT#^ 

13, -b--f ^^n> 1 6 5.t)^:i:-^^^-2 4) , 2S5Lt?a^ra$:M^-rS#iBt (IB 
^4 5, 4 7, 4 8;5:tJ^4 9, #^;^C^4 6, K l/>i2^ 5 3 5 4 , ^tfmm 



ffiiE# 2001-3073642 



#2 001 — 07524 1 



©MM 6 1 ^*J*;±7?<3D^Klc#A^;n-5= 7Kti#7K^>^ 1 2 mz-l^miz^M 
Stl-Sc #7KjK>>^8 0®^g&lCj; ^;jc^>^^ 1 2rt©7K», f^7K^4 6|^ 

[0 0 34] 

1 2p^0[)lB^5 7®S154>T% ^n - h 5 gj&'t^n - hJ^5 8 J;»J=bJi:S'{C#^ 

J3V^Tf^5tfX*^galf5 imzmAVr^t^. ^0P:^J*xaiB^5 7F^lC??^tlTSH 

^@B^5 7^<Z)#:^j*X(Dl^A*^#lhi--5o 
[0 0 3 5] 

^«??Sf>^.$:■^t^#^?t^>^^i, ma^^y? 1 2j()^^#:**X^?f^^l 3l^lC#*^tlS 

0 ;!K#^$&if 5 0^cj;oT#t^$4^-5;^cA^, x >^ l/-f 1 5 J; U iftMStL^o 3®7K 

S:t?7K^$:#o:t^ffi^x^>^ h (SO3 ^xh) 1 3 :6>?>@H 

<i?4 7 tc#^m$ti, -9->r 1 6®^:jtf:;^#^J^^3 8 p^O^^S&3 9 ic#fc$&$ti 

1 5 7b^e)i*lhrLT%i:V%„ 
[0 0 3 6] 

1 ^(omm^mmLt^fi'^hyn^^. m^y^\z^i^t\.^m'\&.i^y^^y^v\-^. 



1 5 
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7.^y^hit. Fi/>P2 3 i:y Ki^>iS^5 3 ^f^xmyi^^yi' i 2p^ictf^m$ 
m^tit=.m^i^y^^:^hit, Fiy>p2 2:s:t»*i/>ig^5 4 ^mx^Ti^^y'^^ 

[0 0 3 7] 

i:tCj:oT^^#^*&#5 6 |^S:^tlTX-^^^-2 4 mz^l^^H^. cnoffi*! 

itSy(.(Dm,Atmtm\::'W.A. -tistiD-hme o v v h;i//min~8 o y >y h;v/min 

<D)±M^m.i)K ^o.iMpa (o&±x:i^^^ ^-2 A mzm^-^n^^ mwsis 

[0 0 3 8] 

3 o«fc yg^aj>^x;i/3 4©#m7i{?&3 sp^^citii^jvoTWj^je^jicojSgTiftJiifsti 

So '^ltP3 0J^)^e>©^^^^O^ftl^^^^i, 1^ffijil?&3 5 0Xn-baS7 7#3£ 
^2 6 5:^T#^m®i^3 5 |^JCig^§[$tl. @B't4 9 |^lC#m$4x<5<, 

t(^ibmm-^nt=.miS7.\z^'tt\>x\^^mmi^\%. mmi^^\yym%^ ^\zx^)m 

[0 0 3 9] 
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[0 0 4 0] 

rtilc^L, 2^s:||^feM^cfl|v^^^l^3l-e^^-2 4 tt. E8lcli^T'5t-r J;^) 
?5iSf^#1i$:^-^<5o a:-e^^-2 4;&^e>®Sf^X©#^?Jg»*^iifinbT%;, x 
-fe'^ ^ - 2 4 (3!)PR5[:tf©<STIg-a-*Vh$ v>„ ^©x-if ^ ^-24 it^m^^i^m 
^bfe=b(3DT'fe-Sc 3Hf^i5?-24tt, T/ny-^P^^tt (H8(D-*,^^# 

^^®jE:^J$:^;tT%, 0 . 1 M p a . 0 . l 2 M p a L/T=b, 

2 4 l^:A:^;&ff^?f^i$:#s:ii:A^7?^-5o 

[0 04 1] 

-fe'^3?-2 4:ib^«^-r-5^l^ffi*'«^-5o JEi7:^-r^y5^6 JE*M^#6 3J: 
[0 0 4 2] 

©:^'l4JC'gtife-^^>^^^)/^'T'^#$tiTVASx-^^^-2 4 
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[0 04 3] 

5X h^Il^gT'$>^-9--r ^7 n > 1 6 $:ffiV^TV^-S(Z)T^ 31 -^^^-2 4 5:^ 
[0 0 4 4] 

•:fu^mi 0 J:y#ffi$tife7K. ?^*|I^6:g:tJf#:**xgfe#^l 3 l^l?i«lif$tifc 
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[Title of the Invention] METHOD AND APPARATUS FOR 

TREATING PERFLUOROCOMPOUNDS 

[Scope of Claim for a Patent] 
5 [Claim 1] 

A method for treating perf luorocompounds , 
characterized by decomposing perf luorcompounds contained 
in a gas and sucking a discharged gas containing acid 
gases resulting from the decomposition of the 
10 perf luorocompounds by a jet stream of an injected gas, 
thereby ejecting the sucked gas. 
[Claim 2] 

A method for treating perf luorocompounds, 
characterized by decomposing perf luorocompounds 

15 contained in a gas, bringing the discharged gas 

containing acid gases resulting from the decomposition, 
of the perf luorocompounds into contact with one of water 
and an alkaline solution, thereby removing the acid 
gases from the discharged gas, separating mists 

20 contained in the discharged gas after the contact with 
one of the water and the alkaline solution, and sucking 
the discharged gas separated from the mists by a jet 
stream of an injected gas, thereby ejecting the sucked 
gas - 

25 [Claim 3] 

A method for treating per f luorocompounds, 

- 1 - 



according to Claim 1 or 2, wherein a catalyst is used 
for the decomposition of the perf luorocompounds . 
[Claim 4] 

A method for treating perf luorocompounds 
5 according to any one of Claims 1 to 3, wherein the 
sucking the discharged gas by a jet stream of the 
injected gas and the ejecting of the sucked gas is 
carried out by an ejector. 
[Claim 5] 

10 A method for treating a discharged gas from a 

semiconductor production plant, characterized by 
decomposing per f luorocompounds contained in a discharged 
gas from a semiconductor production plant and sucking 
the discharged gas containing acid gases resulting from 

15 the decomposition of the perf luorocompounds by a jet 

stream of an injected gas, thereby ejecting the sucked 
discharged gas. 
[Claim 6] 

A method for treating a discharged gas from a 
20 semiconductor production plant, characterized by 

decomposing per f luorocompounds contained in a discharged 
gas from a semiconductor production plant, bringing the 
discharged gas containing acid gases resulting from the 
decomposition of the perf luorocompounds into contact 
25 with one of water and an alkaline solution, thereby 
removing the acid gases from the discharged gas, 
- separating mists contained in the discharged gas after 
the contact with one of the water and the alkaline 
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solution, and sucking the discharged gas separated from 
the mists by a jet stream of an injected gas, thereby 
ejecting the sucked discharged gas. 
[Claim 7] 

5 A method for treating perf luorocompounds 

according to Claims 5 to 6, wherein a catalyst is used 
for the decomposition of the perf luorocompounds . 
[Claim 8] 

A method for treating a discharged gas from a 
10 semiconductor production plant according to any one of 
Claims 5 to 7, wherein the discharged gas is sucked by 
the jet stream of the injected gas and ejected by an 
e j ector . 
[Claim 9] 

15 An apparatus for treating per f luorocompounds, 

characterized by comprising a perf luorocompounds 
decomposing apparatus for decomposing per f luorocompound 
contained in a gas fed thereto, and a gas suction 
apparatus for sucking the discharged gas containing acid 

20 gases resulting from the decomposition of the 

perf luorocomopunds by a jet stream of an injected gas, 
thereby ejecting the gas. 
[Claim 10] 

An apparatus for treating perf luorocompounds , 
25 characterized by comprising a perf luorocompounds 

decomposing apparatus for decomposing perf luorocompounds 
contained in a gas fed thereto, an acid gas removing 
apparatus for removing acid gases resulting from the 
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decomposition of the perf luorocompounds from the 
discharged gas, and a gas suction apparatus for sucking 
the discharged gas in the acid gas removing apparatus by 
a jet stream of an injecting gas, thereby ejecting the 
5 gas . 

[Claim 11] 

An apparatus for treating per f luorocompounds 
according to Claim 10, wherein the acid gas removing 
apparatus for removing the acid gases by bringing the 

10 discharged gas containing the acid gases into contact 
with one of water and an alkaline solution, thereby 
removing the acid gases, and a mist separation apparatus 
for separating mists from the gas discharged from the 
acid gas removing apparatus by suction by the gas 

15 suction apparatus are provided. 
[Claim 12] 

An apparatus for treating perf luorocompounds 
according to Claim 11, wherein a tank for receiving one 
of the water and the alkaline solution from the acid gas 
20 removing apparatus and a discharging piping leading the 
mists separated in the mist separating apparatus to the 
tank are further provided below the acid gas removing 
apparatus and the mist separating apparatus . 
[Claim 13] 

25 An apparatus for treating perf luorocompounds 

according to any one of Claims 9 to 12, wherein the 
perf luorocompound decomposing apparatus is packed with a 
catalyst acting to decompose the perf luorocompounds . 
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[Claim 14] 

An apparatus for treating per f luorocompounds 
according to Claim 13, wherein the catalyst contains an 
Al oxide and further at least one of oxides of metals 
5 selected from Zn, Ni, Ti, F, Sn, Co, Zr, Ce, Si and Pt . 
[Claim 15] 

An apparatus for treating perf luorocompounds 
according to any one of Claims 9 to 14, wherein the gas 
suction apparatus is an ejector. 
lO' [Claim 16] 

An apparatus for treating perf luorocompounds 
according to Claim 15, wherein a means of stopping 
feeding of driving gas to the ejector, when the pressure 
of the driving gas to the ejector exceeds a set 
15 pressure, is further provided. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a method and 
20 an apparatus for treating perf luorocompunds , 

particularly to a method and an apparatus for treating 
perf luorocompounds, suitable for decomposition of 
perf luorocompounds discharged from a semiconductor 
production paint. 
25 [0002] 

[Prior Art] 

"Perf luorocompounds" is a general term for 
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compounds of carbon and fluorine; carbon, hydrogen and 
fluorine; sulfur and fluorine; and nitrogen and 
fluorine, such as CF^, CHF3, -C^Fe, CH2F., C3F0, C^F^r SF^, 
NF3, etc. which are all free from chlorine. 
5 Perf luorocompounds (which will be hereinafter referred 
to as "PFC") are in a gaseous state and are used as an 
etching gas and a cleaning gas in the semiconductor 
production method. PFC has a long life (e.g. 10,000 
years in the case of C^F^ and 3,200 years in the case of 

10 SFg) and is considered one of global warming gases with a 
high warming coefficient, which are subject to 
atmospheric emission control. Thus, various PFC- 
decomposing methods have been so far studied- One of 
the methods is disclosed in JP-A-llr-70322 and JP-A-11- 

15 319485, where PFC is hydrolized in the presence of a 
catalyst, and the discharged gas containing the 
decomposition gases resulting from the PFC decomposition 
is washed with water (or an alkaline solution) and then 
discharged by a blower. 

20 [0003] 

[Problem to be Solved by the Invention] 

A higher reliability is required for 
apparatuses relating to the semiconductor production in 
a semiconductor production plant from the viewpoint of 

25 continuous operation of apparatuses for producing 

semiconductors. A higher reliability is also required 
for an apparatus for treating PFC contained in the 
discharged gas from etching apparatuses, because, if it 
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is out of order, operation of several etching 
apparatuses connected thereto must be shut down. 
[0004] 

An object of the present invention is to 
provide a method and an apparatus for treating 
perf luorocompounds, capable of reducing the frequency of 
apparatus maintenance inspection. 
[0005] 

[Means for solving Problem] 

The feature of the present invention capable 
of attaining the above-mentioned object resides in that 
a discharged gas containing acid gases generated by 
decomposition of per f luorocompounds is sucked by a jet 
stream of an injected gas, thereby ejecting the 
discharged gas. Since the discharged gas is sucked and 
ejected by a jet stream gas of an injected gas, the gas 
suction apparatus for use in the present invention has 
no driving parts, and thus the frequency of apparatus 
maintenance inspection can be considerably reduced, 
resulting in remarkable reduction in the frequency of 
maintenance inspection of an apparatus for treating 
per f luorocompounds and an increase in the continuous 
operating rate of the apparatus for treating 
perf luorocompounds . Particularly, in the case of a 
per f luorocompounds-containing discharged gas from a 
semiconductor producing apparatus, the reduction in the 
frequency of maintenance inspection of the apparatus for 
treating per f luorocompounds means an increase in the 



continuous operating rate of the semiconductor producing 
apparatus, resulting in a considerable increase in the 
semiconductor production efficiency. It is desirable to 
use an ejector as a gas suction apparatus. 
5 [0006] 

Since the discharged gas containing acid gases 
generated by decomposition of perf luorocompounds is 
preferably brought into contact with one of water and an 
alkaline solution, the acid gases can be simply removed 

10 from the discharged gas. Furthermore, since mists 

generated by contact with one of water and an alkaline 
solution can be separated from the discharged gas, 
corrosion of downstream machinery and apparatuses, and 
pipings (or ducts) in contact with the discharged gas 

15 can be remarkably reduced. 
[0007] 

It is preferable to provide a tank for 
receiving one of. the water and the alkaline solution 
discharged from the acid gas removing apparatus below 

20 the acid gas removing apparatus and a mist separator. 
The water or the alkaline solution discharged from the 
acid gas removing apparatus can be collected into the 
tank simply by gravity. Furthermore, the mists 
separated in the mist separator can be discharged into 

25 the tank simply by gravity through a discharge piping. 
No power is required for collecting the water or the 
alkaline solution and the separated mists, so the . 
structure of the apparatus for treating 
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perf luorocompounds can be simplified. 
[0008] 

Decomposition of perf luorocompounds is carried 
out, by using a catalyst, where preferably the catalyst 
5 contains an Al oxide and further contains at least one 
of oxides of metals selected from Zn, Ni, Ti, F, Sn, Co, 
Zr, Ce, Si and Pt . By use of such a catalyst, the 
perf luorocompounds can be efficiently decomposed at low 
temperatures of 200-800°C. It is particularly 
10 preferable to use the catalyst in the form of Al- 

containing composite oxide such as NiAl204 and ZnAl204. 
[0009] 

[Mode for Carrying Out the Invention] 

In the course of development of a series of 

15 apparatuses for decomposing PFC and treating, and 
ejecting the discharged gas from the decomposition 
treatment, the present inventors have found that blowers 
for transferring the discharged gas from the treatment 
are highly corroded by acid gases remaining in the 

20 discharged gas (the acids gases are generated by 

decomposition of PFC) , which plays an important role in 
the improvement of continuous operating rate of the 
apparatus for treating perf luorocompounds (which may be 
hereinafter referred to as "PFC treating apparatus"). A 

25 result of studies made on the corrosion of blowers by 
the present inventors will be described below: 
[0010] 

In the decomposition of PFC by using a 
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catalyst disclosed in JP-A-11-70322, decomposition gases 
generate. That is, decomposition of CF^ results in 
generation of CO2 and HP, decomposition of SFg results in 
generation of SO3 and HF, and decomposition of NF3 
5 results in generation of NO^, (NO and NO2) and HF. In 
this manner, decomposition of PFC results in formation 
of various acid gases (HF, SO3 and NOj,) . The foregoing 
decomposition reactions can be given by the following 
reaction equations: 
10 [0011] 

CF4 + 2H2O -> CO2 + 4HF (1) 
SFg + 3H2O SO3 + 6HF (2) 
2NF3 + 3H2O ^ NO + NO2 + 6HF (3) 
Acid gases (SO3, HF, NO and NO,) as 
15 decomposition gases of PFC can be absorbed into water 
(or an alkaline solution) in a discharged gas washing 
column and removed from the discharged gas thereby. 
However, as a result of tests, the present inventors 
have found that besides a small amount of acid gases, 
20 acid gas mists are discharged from the discharged gas 
washing column together with the discharged gas. For 
example, when a discharged gas containing 0.5% SF^ was 
fed into a catalyst cartridge packed with a catalyst at 
a flow rate of 60 1/min to decompose SFg, about 150 cc/hr 
25 of water (SO3 mists) was discharged from the discharged 
gas washing column to which the discharged gas 
(containing SO3) from the catalyst cartridge was fed. 
That is, acid gas components are carried over as mists, 
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while taking up moistures. Once the moisture-containing 
SO3 mists enter the blower, condensation of the SO3 mists 
takes place in the impeller chamber of the blower, 
thereby further dissolving SO3 into water to make a 
sulfuric acid solution. The sulfuric acid solution acts 
to corrode the blower. In the case that NF3 is used as 
PFC, a nitric acid solution is formed in the blower, 
corroding the blower. In the case that the blower is 
treated with an ant icorrosi ve coating treatment, the 
anticorrosive coating treatment cannot be extended even 
to the bearing, etc. of the blower, and thus the blower 
cannot be operated continuously for a long time. 
Furthermore, the frequency of maintenance inspection of 
the blower upon discontinuation of continuous operation 
will be inevitably increased and the continuous 
operating rate of PFC treating apparatus will be 
lowered . 
[0012] 

To prevent carry-over of corrosive acid gas 
mists through the course from the discharged gas washing 
column to the blower, it has been proposed to provide a 
mist separator, but 100% removal of acid gas mists 
(sulfuric acid mists and nitric acid mists) have been 
difficult to attain even by the mist separator. The 
acid gas mists not removed by the mist separator still 
acts to corrode the blower, as mentioned above. 
[0013] 

The present inventors have found, for the 
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first time, that not only the acid gas not removed in 
the discharged gas washing column and discharged 
therefrom, as led to the blower, but also the acid gas 
mists corrodes the blower. It is difficult to 
5 completely remove the acid gas mists in the mist 

separator. Blower corrosion has an adverse effect on 
the semiconductor production, while increasing, the 
frequency of maintenance inspection such as inspection, 
cleaning, part replacement, etc. upon shutting down the 

10 blower. The present inventors have reached a conclusion 
that a gas ejecting apparatus with no driving part must 
be used in place of the blower, and have decided to use 
a gas ejecting apparatus capable of sucking the 
discharged gas by a jet stream of an injected gas (e.g. 

15 ejector) . 

[0014] 

A specific example of PFC treating apparatus 
with such a gas ejecting apparatus capable of sucking 
the discharged gas by a jet stream of an injected gas 
20 will be described below. 
[0015] 

At first, a semiconductor production plant in 
which the present PFC treating apparatus is incorporated 
will be outlined, referring to Fig. 2. 
25 The semiconductor production plant comprises a 

semiconductor production apparatus and a discharged gas 
treating apparatus for treating a discharged gas from 
the semiconductor production apparatus. The 
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semiconductor production apparatus is provided with, for 
example, etching apparatus 67 with etching chambers 58 
and 69 and etching apparatus 70 with etching chambers 71 
and 72. As the discharged gas treating apparatus, PFC 
treating apparatus 1 for treating PFC-containing 
discharged gas from etching chambers 68, 69, 71 and 72 
is used. Gas discharge pipes 74A, 74B, 74C and 74D 
connected to etching chambers 68, 69, 71 and 72, 
respectively, are put into one piping 40. PFC treating 
apparatus 1 is connected to piping 40 on one hand, and 
to discharged gas duct 75 through piping 49 on the other 
hand. Vacuum pumps 73A, 73B, 73C and 73D are provided 
in gas discharge pipes 74A, 74B, 74C and 74D, 
respectively. 
[0016] 

PFC gas as an etching gas is fed to etching 
chambers 68, 69, 71 and 72; each in a vacuum state, 
respectively. The PFC gas is brought into a plasma 
state to conduct etching treatments of wafers as 
semiconductor materials, respectively. A portion {10- 
30%) of the PFC gas fed each to etching chambers 68, 69, 
71 and 72 is consumed by the etching treatments in the 
etching chambers. By driving vacuum pumps 73A, 73B, 73C 
and 73D, discharged gases from etching chambers 68, 69, 
71 and 72 are passed through gas discharge pipes 74A, 
74B, 74C and 74D, respectively, joined into piping 40 
and fed to PFC treating apparatus 1. The discharged gas 
contains PFC gas not consumed in etching chambers 68, 
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69, 71 and 72. Still furthermore, the discharged gas 
contains HF secondarily generated from the PFC gas in 
the etching chambers, SiF4, etc. generated by etching the 
wafers. To protect the bearings, etc. of vacuum pumps 
73A, 73B, 73C and 73D for bringing etching chambers 68, 
69, 71 and 72 into a negative pressure state from HF as 
a corrosive acid gas, a N2 gas is fed to the bearings of 
the vacuum pumps. That is, the PFC concentration of the 
discharged gas led to PFC treating apparatus 1 is 
approximately 0.5%. The PFC gas is decomposed in PFC 
treating apparatus 1. The discharged gas from PFC 
treating apparatus 1 is discharged to discharged gas 
duct 75 through piping 49. The PFC concentration of 
discharged gas to PFC treating apparatus 1 and that of 
discharged gas from PFC treating apparatus 1 are 
measured. The PFC concentration of discharged gas from 
PFC treating apparatus 1 is monitored, and when the 
concentration exceeds a set concentration, an alarm is. 
given. Still furthermore, soundness of catalytic 
reaction or timing of catalyst exchange due to catalyst 
degradation is checked from a decomposition ratio 
calculated from PFC concentrations between the inlet and 
the outlet of PFC treating apparatus 1. 
[0017] 

Several embodiments of the present PFC 
treating apparatus applied to treatment of a discharged 
gas from the semiconductor production method will be 
described in detail below. Throughout the drawings 



- 14 - 



showing the embodiments, same structural members are 
identified with the same reference numerals. 
[0018] 

A PFC treating apparatus according to one 
5 preferable embodiment of the present invention will be 
described below, referring to Fig. 1. 

PFC treating apparatus 1 of this embodiment 
comprises a silicon removing apparatus, reactor 2, 
cooling chamber 6, discharged water tank 12, discharged 

10 gas washing column 13, cyclone 16 and ejector 24. The 

silicon removing apparatus comprises inlet packed column 
8 and spray column 10. Inlet packed column 8 has packed 
bed 9 packed with packings such as Raschig rings within 
it. Spray column 10 has spray 11 within it. Piping 40 

15 is connected to the space below packed bed 9 in inlet 
packed column 8. Space above packed bed 9 in inlet 
packed column 8 is connected to spray column 10 through 
piping 41. Reactor 2 has catalyst cartridge 3 and 
heating space 5 within it. Catalyst cartridge 3 has a 

20 catalyst bed packed with a catalyst within it. Catalyst 
for use in the catalyst bed is an alumina-based catalyst 
containg 80% AI2O3 as an Al oxide and 20% NiO as a Ni 
oxide. Heating space 5 is provided upstream of catalyst 
cartridge 3. Heater 4 is provided on the outside of 

25 reactor 2 so as to surround heating space 5. Cooling 
chamber 6 connected to reactor 2 has spray 7 within it 
and is positioned below catalyst cartridge 3. Piping 42 
connects spray column 10 to heating space 5. Piping 43 
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for feeding water (or steam) and piping 44 for feeding 
air are each connected to heating space 5. 
[0019] 

Discharged gas washing column 13 as an acid 
5 gas removing apparatus has spray 15 at the upper 

position within it and packed bed 14 packed with plastic 
Raschig rings below spray 15. Discharged water tank 12 
connected to discharged gas washing column 13 is 
provided below discharged gas washing column 13. 

10 Discharged water tank 12 is connected to cooling chamber 
6 through piping 45. Piping 57 connected to space below 
packed bed 9 in inlet packed column 8 is inserted into 
discharged water tank 12 from the top side, as shown in 
Fig. 7- Piping 57 positioned in discharged water tank 

15 12 has float seat 58 for establishing a water seal 

structure, float 59 and float stopper 60. Annular float 
seat 58 is provided at the lower end of the inside wall 
of piping 57 . Float stopper 60 of coarse wire net is 
provided at a position above float seat 58 and within 

20 piping 57. In piping 57, float 59 is provided between 
float seat 58 and float stopper 60. Discharged water 
pipe 46 with discharged water pump 80 is connected to 
the bottom of discharged water tank 12. Piping 66 is 
connected to discharged water pipe 46 at a position 

25 downstream of discharged water pump 80 and is further 
connected to space above packed bed 9 in inlet packed 
column 8. Piping 57 connected to the bottom of inlet 
packed column 8, i.e. below packed bed 9 in inlet packed 
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column 8, is inserted into discharged water tank 12. 
[0020] 

Structure of cyclone 16 as a mist separator 
will be described below, referring to Figs. 3 and 4. 
5 Cyclone 16 has lower compartment 19 and upper 

compartment 20, both being partitioned by partition wall 
1, within it. Discharged gas feed member 38 is extended 
in the tangential direction to the inside wall of lower 
compartment 19. Flow passage 39 in discharged gas feed 

10 member 38 is tapered toward lower compartment 19. 

Piping 47 connected to the top of discharged gas washing 
column 13 is connected to discharged gas feed member 38. 
Passage 18 penetrated through partition wall 7 connects 
lower compartment 19 to upper compartment 20. Drain 

15 outlet 23 formed at the bottom of lower compartment 19 
is connected to drain piping 53, which is connected to 
discharge water tank 12. Drain outlet 22 formed in 
upper compartment 20 is connected to discharged water 
tank 12 through drain piping 54. A filter, an 

20 electrostatic precipitator and an activated carbon 
adsorption column can be used as a mist separator 
besides the cyclone. 
[0021] 

As shown in Fig. 5, ejector 24 comprises 
25 ejector body 25, injection nozzle 27 and ejection nozzle 
34. Ejector body 25 has internal space 26 within it. 
Injection nozzle 27 has nozzle member 28. As shown in 
Fig. 6, injection member 29 is screwed into the tip end 
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part of nozzle member 28. Injection orifice 30, about 2 
mm in inner diameter, is formed. in injection member 29. 
Injection member 29 is made of highly corrosion- 
resistant and highly durable metal or ceramic. Ejection 
nozzle 34 has ejection passage 35 within it. Injection 
nozzle 27 is provided against one end of ejector body 25 
through packing 75. Tip end of nozzle member 28 of 
injection nozzle 27 is inserted into ejector body 25 and 
is positioned in internal spacing 26. Injection orifice 
30 is connected to flow passage 31 formed in nozzle 
member 28 and to internal spacing 26. Ejection nozzle 

34 is provided against another end of ejector body 25 
through packing 37, Ejection passage 35 of ejection 
nozzle 34 is counter-posed to injection member 29 
screwed in nozzle member 28. Inlet of ejection passage 

35 is connected to internal space 26. Ejection passage 
35 has throat region 77 with a minimum passage cross- 
sectional area within it. Ejection passage 35 is 
increased in the passage cross-sectional area from 
throat region 77 toward the inlet and also from throat 
region 77 toward ejector outlet 78. Degree of the 
latter increase in the passage cross-sectional area is 
smaller than degree of the former increase. Pressing 
plate 32 with flow inlet 33 is counterposed to injection 
nozzle 27 through packing 36. Pressing plate 32, 
injection nozzle 27, ejector body 25 and ejection nozzle 
34 are arranged in this order and secured by bolts 78 
and nuts 79. Other members than pressing plate 32 and 
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injection member 29 of injection nozzle 21, e.g. ejector 
body 25 and ejection nozzle 34, are made of highly 
corrosion-resistant plastic,., for example vinyl chloride 
resin (or fluororesin, etc.). 
[0022] 

Piping 48 provided on ejector body 25 is 
connected to discharge outlet 21 formed at the top of 
upper compartment 20. Piping 48 is also connected to 
internal space 26 in ejector body 25. Piping 49, 
connected to discharged gas duct 75 is connected to 
ejector outlet 78 of ejection nozzle 34. Condensate 
drain piping 55 connected to piping 49 is connected to 
discharged water tank 12. Water feed pipe 50 is 
connected to spray 15, Water feed pipe 51 is connected 
to spray 11. Water feed pipe 52 is connected to spray 
7. Water feed pipes 51 and 52 are connected to water 
feed pipe 50. 
[0023] 

Compressed air feeder 81 is fixed to pressing 
plate 32- As shown in Fig. 1, compressed air feeder 81 
comprises air feed pipe 56, pressure control valve 63 
and air feed valve 64. Air feed pipe 56 is connected to 
pressing plate 32 and communicated with flow inlet 33. 
Pressure control valve 63 is provided in air feed pipe 
56, whereas air feed valve 64 is provided in air feed 
pipe 56 at a position upstream of pressure control valve 
63. Air feed pipe 56 is connected to a compressor, 
though not shown in the drawings. Numeral 65 is a 
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pressure switch for safety interlock. 
[0024] 

PFC treatment in PFC treating apparatus 1 of 
this embodiment will be described below. PFC contained 
in the discharged gas to be fed to PFC treating 
apparatus depends on kinds of semiconductors produced in 
semiconductor production apparatuses or semiconductor 
makers. Production of wafers as a based material for 
semiconductors involves cases of using a single PFC and 
a plurality of PFCs. In this embodiment, the case of 
using SFg and C^Fg as PFC in the semiconductor production 
is explained. 
[0025] 

Discharged gas containing SF^ and C2F6 as PFC, 
SiF^ and HF from etching chambers 68, 69, 71 and 72 is 
fed to inlet packed column 8 of a silicon removing 
apparatus through piping 40 by driving vacuum pumps 73A, 
73B, 73C and 73D. The discharged gas ascends through 
packed bed 9 and is led to spray column' 10 of the 
silicon removing apparatus through piping 41. Fresh 
water fed through water feed pipe 51 is sprayed into 
spray column 10 through spray 11. The sprayed water is 
discharged into piping 41 and led to inlet packed column 
8. Discharged water in discharged water tank 12 is fed 
to inlet packed column 8 through discharged water pipe 
46 and piping 66 by driving discharged water pump 80. 
The discharged water and the sprayed water descend 
through packed bed 9. 
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[0026] 

SiF^ contained in the discharged gas undergoes 
reaction of the following reaction equation (4) through 
contact with water (discharged water and water sprayed 
in spray column 10) in inlet packed column 8 and is 
decomposed to Si02 and HF: 
[0027] 

SiF^ + 2H2O Si02 + 4HF (4) 
HF contained in the discharged gas fed to 
inlet packed column 8 and HF formed by reaction of the 
reaction equation (4) are absorbed into water in inlet 
packed column 8 and removed from the discharged gas. 
SiO^ as a solid is also washed away by the washing water. 
Packed bed 9 acts to increase a contact efficiency 
between the ascending discharged gas and the descending 
washing water and increase a reaction efficiency of the 
reaction equation (4) and an absorption efficiency of HF 
into water. Water containing Si02 and absorbed HF is led 
to discharged water tank 12 below inlet packed column 8 
through piping 57. Other impurities contained in the 
discharged gas are also removed by water in inlet packed 
column 8 and spray column 10. 
[0028] 

HF not absorbed into water in inlet packed 
column 8 is led to spray column 10 together with the 
discharged gas and absorbed into sprayed water there. 
SiF4 remaining in the discharged gas led to spray column 
10 from inlet packed column 8 undergoes reaction of the 
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reaction equation (4) through contact with the sprayed 
water in spray column 10. HF generated from the 
reaction is absorbed into the sprayed water. Generated 
Si02 is also washed away by the sprayed water and 
discharged into inlet packed column 8 and piping 57. 
[0029] 

The discharged gas containing SFg and C2F6 
discharged into piping 42 from spray column 10 is fed to 
heated space 5 of reactor 2 at a flow rate of 60 1/min. 
The discharged gas contains neither HF nor SiF4 nor SiO^ 
formed by the reaction of the reaction equation (1) . 
Water (or steam) is fed through piping 43 to heated 
space 5, and air is fed thereto through piping 44. 
Decomposition reaction of PFC by a catalytic action is 
hydrolysis, and thus the necessary water (or steam) for 
the reaction is fed thereto. The discharged gas is 
heated, together with the water and the air, to the 
temperature of 750°C, at which decomposition of SF^ and 
^2^6 by the catalytic action starts, by heater 4. 
Depending on the kinds of PFC heating temperature is 
about 650° to about 750°C. Water turns to steam. The 
discharged gas containing steam, air, SF^ and C^F^ heated 
to 750°C is fed to catalyst cartridge 3. 
[0030] 

Reaction of the above-mentioned reaction 
equation (2) and reaction of the following reaction 
equation (5) of SF^ and C.F^; with H.O are promoted by the 
action of alumina-based catalyst in catalyst cartridge 3 
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to decompose SFg to SO3 and HF and C2F6 to CO, and HF. 

SFg + 3H2O -> SO3 + 6HF (2) 
C^F^ + 3H,0 + air (O,) ^ 2CO, + 6HF (5) 
Reactions of the reaction equations (2) and (5) take 
place in the presence of steam. SFg and C^F^ are 100% 
decomposed. In the case that air, particularly oxygen, 
is not fed to catalyst cartridge 3, harmful CO is formed 
by reaction of C2F6 with H2O. When air is fed thereto, 
the oxygen contained in the air converts CO to harmless 
CO2, and thus no CO is generated as shown by the reaction 
equation 5. Oxygen may be fed thereto in place of air. 
[0031] 

By use of a catalyst comprising 80% AI2O3 and 
20% NiO, SF^ and C.Fg are 100% decomposed in catalyst 
cartridge 3 at 750*^0. Besides the catalyst comprising 
80% AI2O3 and 20% NiO, such kinds of catalyst as 
disclosed in sections "Means for solving the Problem" 
and "Modes of Embodiments of the Invention" of JP-A-ll- 
70322 (catalysts containing an Al oxide and at least one 
of oxides of metals selected from Zn, Ni, Ti, F, Sn, Co, 
Zr, Ce, Si and Pt) can decompose PFC. 
[0032] 

In this embodiment, since silicon contained in 
the form of such compounds as SiF^, etc. in the 
discharged gas can be removed by carrying out the 
reaction of the reaction equation (4) in the silicon 
removing apparatus, catalytic decomposition efficiency 
of PFC can be increased. When the discharged gas 
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containing silicon is fed to reactor 2, the reaction of 
the reaction equation {A) takes place in heated space 5 
by water (or. steam) fed through piping 43, and the 
generated SiOj is led to catalyst cartridge 3. In that 
case, there are the following problems (T) and (2). ® the 
resulting Si02 plugs pores formed in the catalyst- © 
the resulting SiO^ plugs clearances formed between 
catalysts. Catalyst surface area is reduced by ® and 
(§), lowering the PFC decomposition reaction rate. 
Discharged gas flow through clearances between the 
catalysts is deteriorated due to (2), inhibiting the 
catalyst and the discharged gas from their contact, 
resulting in lowering of PFC decomposition reaction 
rate. In this embodiment, Si02 is removed in advance in 
the silicon removing apparatus, and thus the PFC 
decomposition efficiency can be improved without said 
problems . 
[0033] 

Discharged gas containing SO3, CO, and HF as 
decomposition gases of SF^ and C^F^ is fed to cooling 
chamber 6 from catalysts cartridge 3. ..Water fed through 
water feed pipe 52 is sprayed from spray 7 into cooling 
chamber 6. The discharged gas is cooled through contact 
with the sprayed water, so the discharge gas temperature 
is lowered to 100°C or lower, whereby apparatuses at the 
positions downstream of reactor 2 (cooling chamber 6, 
discharged gas washing column 13, cyclone 16 and ejector 
24) and pipings connecting one apparatus to another 
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(pipings 45, 47, 48 and 49, discharged water pipe 46, 
drain pipes 53 and 54 and condensate drain piping 55) 
can be made of vinyl chloride resin (or f luoro-resin, 
etc.) as highly corrosion-resistant plastics. Pipings 
5 57 and 66 can be also made of vinyl chloride resin. A 
portion of HF contained in the discharged gas is 
absorbed into the sprayed water. The sprayed water and 
the discharged gas are led to the space above liquid 
level 61 in discharged water tank 12 from cooling 
chamber 6 through piping 45. Discharged water is stored 
in discharged water tank 12 temporarily. By driving 
discharged water pump 80, the water in discharged water 
tank 12 is discharged into discharged water pipe 46 to a 
discharged water treatment plant (not shown in the 
drawing) near the PFC treating apparatus. 
[0034] 

When the water discharged from inlet packed 
column 8 passes through piping 57, float 59 is in a 
floating state above float seat 58 in piping 57 in 
discharged water tank 12, and thus the water passes 
through float stopper 60 and float seat 58, and further 
passes at the open end of piping 57 and is fed to 
discharged water tank 12. Float 59 is inhibited from 
further upward movement by float stopper 60. The 
discharged gas, when happens to flow into piping 57 at 
inlet packed column 8, passes through piping 57 to reach 
such part of piping 57, as is in discharged water tank 
12. At the position near the open end of piping 57, the 
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water is pushed out of piping 57 by the discharged gas 
to establish a discharged gas atmosphere. Float 59- 
fails to maintain floating in piping 57 in such a 
discharged gas atmosphere and falls onto float seat 58 
to close the opening end. Thus, flow of the discharged 
gas from inlet packed column 8 into piping 57 is 
stopped . 
[0035] 

Such a discharged gas containing decomposition 
gases is led to discharged gas washing column 13 from 
discharged water tank 12. Water fed through water feed 
pipe 50 is sprayed by spray 15. The sprayed water 
descends through packed bed 14 to fall into discharged 
water tank 12. The discharged gas ascends through 
packed bed 14. SO3 and HF as acid gases contained in the 
discharged gas are absorbed into the sprayed water and 
separated from the discharged gas. However, a small 
amount of acid gases and acid gas mists (SO3 mists) 
containing moisture are discharged into piping 47 from 
discharged gas washing column 13 and fed to flow passage 
39 in discharged gas feed member 38 of cyclone 16. An 
aqueous alkaline solution (aqueous NaOH solution or 
aqueous KOH solution) may be sprayed by spray 15 in 
place of water. 
[0036] 

The discharged gas is fed to lower compartment 
19 of cyclone 16 through flow passage 39 and descends 
while whirling around passage 18. Acid gas mists 
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contained in the discharged gas are separated from the 
discharged gas by whirling of the discharged gas and 
blown off outwardly to attach to the side walls of- lower 
compartment 19. The attached mists flow down along the 
side walls toward the bottom of lower compartment 19. 
The separated acid gas mists are discharged into 
discharged water tank 12 from drain outlet 23 through 
drain piping 53. The whirling stream of the discharged 
gas in lower compartment 19 ascends through passage 18, 
while whirling, and reaches upper compartment 20. Since 
the discharged gas is still in a whirling state even in 
upper compartment 20, the acid gas mists entrained in 
the discharged gas are separated from the discharged gas 
and flow downward along the side walls of upper 
compartment 20. The separated acid mists are discharged 
into discharged water tank 12 through drain outlet 22 
and drain piping 54. The discharged gas with 
considerably reduced content of acid gas mists is 
discharged into piping 48 from discharge outlet 21 and 
then led to ejector 24. 
[0037] 

Compressed air, which is compressed by a 
compressor (not shown in the drawings), is fed to 
ejector 24 through air feed pipe 56 by opening air feed 
valve 64. The compressed air is a driving gas for 
ejector 24. Pressure of compressed air is controlled to 
a set pressure by adjusting the opening degree of 
pressure control valve 63. Compressed air is fed to 
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ejector 24 at substantially the same flow rate as that 
of the discharged gas to be fed to reactor 2, i.e. about 
60 - about 80 1/min and at a pressure of about 0.1 Mpa . 
N2 gas or He gas may be used as a driving gas in place 
of the compressed air. 
[0038] 

The compressed air is fed to flow passage 31 
of nozzle member 28 from flow inlet 33 and injected from 
injection orifice 30 toward ejection passage 35 of 
ejection nozzle 34 at a sonic or supersonic speed. The 
injection stream of compressed air from injection 
orifice 30 generates a negative pressure in throat 
region 77 or its neighborhood of ejection passage 35. 
By the action of the negative pressure, the discharged 
gas in piping 48 is sucked into ejection passage 35 
through internal space 26 and discharged into piping 49. 
The discharged gas is led to discharged gas duct 75 for 
acid gases through piping 49. Condensate contained in, 
the discharged gas from ejector 24 is led to discharged 
water tank 12 through condenate drain piping 55. By the 
sucking action of ejector 24 to such the discharged gas, 
cooling chamber 6, discharged water tank 12 and 
discharged gas washing column 13 are kept in a negative 
pressure state to prevent SO3, HF, etc. contained in the 
discharged gas from leakage to the outside. 
[0039] 

Generally, the conventional ejector has been 
used to generate a high vacuum state. Thus, the 
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conventional ejector cannot have no such higher suction 
gas rate than that of blowers and thus fails to serve as 
a substitute for blowers. In the conventional ejector, 
ejector suction power largely depends on pressure of 
driving compressed air and is abruptly lowered with 
increasing ejection flow rate of the gas to be sucked, 
as shown in Fig. 8 by the dotted line. It is impossible 
to use an ejector generally used for generating a vacuum 
state (generation of suction power) as a substitute for 
a blower because of too large differences in the 
characteristics therebetween . 
[0040] 

On the other hand, ejector 24 used in this 
embodiment has such ejection characteristics as shown in 
Fig. 8 by the full line. Even if the ejection flow rate 
of the discharged gas from ejector 24 is increased, 
degree of lowering of the suction power of ejector 24 
can be kept small. Ejector 24 has been developed by the 
present inventors. Ejector 24 has substantially 
equivalent ejection characteristics to those of the 
blower (as shown in Fig. 8 by the dash-and-dot line) . 
Even if the pressure of driving compressed air to be fed 
to ejector 24 is changed to e.g. 0.1 Mpa and 0.12 Mpa, 
respectively, the degree of lowering of the suction 
power is substantially not changed against the 
increasing ejection flow rate of discharged gas. Thus, 
ejector 24 can have a large ejection flow rate of 
discharged gas. 
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[0041] 

Furthermore, as characteristics of ejector 24, 
discharged gas suction power increases proportionally to 
increasing pressure of driving compressed air. There 
would be a risk of damaging ejector 24 due to higher 
vacuum established when the pressure of compressed air 
to ejector 24 exceeds the set pressure as a result of 
disorder in pressure control valve 63. Pressure switch 
65 detects pressure in air feed pipe 56 at the position 
downstream of pressure control valve 63 to close air 
feed valve 64 when the pressure exceeds the set pressure 
and stops the compresser (not shown in the drawings) . 
[0042] 

Discharged gas led to ejector 24 contains a 
small amount of acid gas mists, but ejector 24 made of a 
highly corrosion-resistant plastic has no fear of 
corrosion, even if it is brought into contact with the 
acid gas mists. In this embodiment any corrosion due to 
decomposition gas does not take place in ejector 24 as a 
decomposition gas-containing discharged gas ejecting 
apparatus, and thus maintenance working such as 
inspection, part replacement, etc. of the discharged gas 
ejecting apparatus (apparatus for injecting a gas to 
such another gas) is substantially not required. That 
is, a frequency of maintenance inspection is 
considerably lower than in the case of using a blower, 
and continuous operation rate of PFC treating apparatus 
1 is considerably improved. Since injection member 29 
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with injection orifice 30 for ejecting the discharged 
gas at a sonic or supersonic speed is made of a highly 
corrosion-resistant, highly durable ceramic, wearing due 
to sonic speed-discharged gas is considerably less, 
contributing to lowering of a frequency of maintenance 
inspection of ejector 24. Thus, ejector 24 can perform 
continuous long-term operation fully. 
[0043] 

Use of cyclone 16 as a mist separating 
apparatus can reduce the amount of acid gas mists to 
discharged gas duct 75 through ejector 24. Thus, the 
amount of mists condensed in discharged gas duct 75 can 
be reduced, considerably reducing corrosion of 
discharged gas duct 75. Reduction in the amount of 
mists results in further prolongation of the life of 
ejector 24. 
[0044] 

Discharged water tank 12 is at the lowest 
position and thus the water discharged from inlet packed 
column 8 and spray column 10, sprayed water from cooling 
chamber 6 and discharged gas washing column 13 and drain 
water separated in cyclone 16 flow into discharged water 
tank 12 by gravity. Thus, pumps for transferring these 
kinds of water to discharged water tank 12 are not 
required, thereby making the structure of PFC treating 
apparatus 1 more compact. 
[0045] 

PFC treating apparatus 1 of this embodiment 
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can decompose any other PFC than SFg and C^F^. 
[0046] 

SFg decomposition treatment test was carried 
out in PFC treating apparatus 1 shown in Fig. 1, using a 
5 simulation gas containing SFg. Simulation gas was 

prepared by diluting SFg with a nitrogen gas to contain 
0.5% SFg. The simulation gas was fed to reactor 2 of PFC 
treating apparatus 1 at a flow rate of 60 1/min. Air 
and water were also fed to reactor 2 at 15 1/min. and 20 
10 ml/min, respectively. The simulation gas containing 

water and air was heated to 750°C by an electric heater 
in heating space 5. Then, the simulation gas was fed to 
catalyst cartridge 3 and decomposed. Catalyst packed in 
catalyst cartridge 3 was a NiO and Al,03-containing 
15 catalyst. 

[0047] 

SFg was treated at a space velocity of 
simulation gas to catalyst of 1,000/h. Gas containing- 
SFg decomposition gas, discharged from reactor 2 was 

20 cooled in cooling chamber 6 and then led to cyclone 16 
at a flow velocity of about 20 m/s through discharged 
gas washing column 14. Acid gas mists separated and 
removed by cyclone 16 was discharged into discharged 
water tank 12 from the bottom of cyclone 16 through 

25 drain piping 53. Gas discharged from cyclone 16 was 
sucked by ejector 24 driven by compressed air at 0.1 
Mpa. Flow rate of compressed air to ejector 24 was 
about 70 1/min. 
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[0048] 

SO3 concentration of the gas at a position 
upstream of cyclone 16 (in piping 41) and at a position 
downstream thereof (in piping 48) was measured to 
determine a mist removal efficiency of cyclone 16. 
Since SO3 mists are formed by absorption of water 
molecules around SO3 as nuclei, a mist removal efficiency 
of cyclone 16 can be calculated by a ratio of SO3 
concentration in piping 48 to that in piping 47. SO3 
concentration was calculated by subtracting a gas 
chromatographically measured SO2 concentration from a SOx 
concentration measured by a liquid trapping method. As 
a result, SO3 concentration was 1,400 ppm at the position 
upstream of cyclone 16, whereas it was 280 ppm after 
cyclone 16. That is, 80% of the mists was removed by 
cyclone 16. 
[0049] 

Mist particle size distribution was measured 
at the outlet of cyclone 16. Mists contained in the gas 
discharged from cyclone 16 had particle sizes 
substantially smaller than 1 pm.. Mists having particle 
sizes of 1 pm or more were removed by cyclone 16. After 
the treating operation for a predetermined time, ejector 
24 was dismantled and it was found by inspection that no 
corrosion took place at the interior of ejector 24 and 
no condensate was observed in piping 49 at the outlet 
side of ejector 24. 
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[0050] 

In place of the aforementioned SFg-containing 
simulation gas, a NFj-containing simulation gas was used 
to conduct the same test as in the case of using the SFg- 
5 containing simulation gas. Nitric acid mists were 

smaller in particle sizes than sulfuric acid mists, and 
accordingly the removal efficiency of the mist removing 
apparatus was as low as 20-30%, but no corrosion, etc. 
were found to take place in the ejector as in the test 
10 with the SFg-containing simulation gas. 
[0051] 

PFC treating apparatus lA as another 
embodiment of the present invention will be described 
below, referring to Fig. 9, where the same members as in 
embodiment of Fig. 1 are identified by the same 
reference numerals. PFC treating apparatus lA is 
different from PFC treating apparatus 1 only in omission 
of cyclone 16 of Fig. 1. Accordingly, piping 47 
connects the top of discharged gas washing column 13 
directly to internal space 26 of ejector 24. In this 
embodiment, the discharged gas in discharged gas washing 
column 13 is sucked into piping 47 by the suction by 
ejector 24 and discharged into piping 49. 
[0052] 

In this embodiment, the structure is more 
simplified than PFC treating apparatus 1 due to the 
omission of cyclone 16. This embodiment is preferably 
applied to the case that the concentration of PFC to PFC 
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treating apparatus lA is low and the amount of acid gas 
mists entrained in the discharged gas from discharged 
gas washing column 13 is small. 
[0053] 

5 When the concentration of PFC to the PFC 

treating apparatus is low, discharged gas washing column 
13 may be omitted in the embodiment of Fig. 1, where 
piping 47 connected to cyclone 16 is connected directly 
to the space above liquid level 61 in discharged water 
10 tank 12. 

[0054] 

In the semiconductor production plant, wafers 
with metallic wirings are etched in some case. For 
example, in the semiconductor production plant shown in 
Fig. 10, wafers. with metallic wirings are etched in 
etching chambers 68 and 69 of etching apparatus 67. A 
large amount of attachable by-products originating from 
the metallic wirings are generated by the etching. 
Residual PFC containing the by-products, HF and SiF^ are 
discharged from etching chambers 68 and 69 and fed, 
together with N2 gas fed to vacuum pumps 73A and 73B, to 
pretreating apparatus 82 packed with activated carbon. 
The attachable by-products are removed by pretreating 
apparatus 82. The discharged gas from pretreating 
apparatus 82 is led to PFC treating apparatus 1 through 
piping 40. By removing the attachable by-products by 
pretreating apparatus in this manner, PFC can be 
efficiently decomposed by catalyst cartridge 3. 



- 35 - 



[0055] 

In some case, a chlorine gas, a hydrogen 
chloride gas or a hydrogen bromide (HBr) gas is used as 
etching gas besides the PFC gas, where the chlorine gas, 
the hydrogen chloride gas or the hydrogen bromide gas is 
mixed with the PFC gas and fed to the etching chambers. 
Depending on the etching treatment, the chlorine gas, 
the hydrogen chloride gas or the hydrogen bromide gas is 
fed to the etching chambers after the etching by the PFC 
gas has been finished. Depending on the case, etching 
treatment by the chlorine gas, the hydrogen chloride gas 
or the hydrogen bromide gas is carried out before the 
etching treatment by the PFC gas, where feeding of the 
chlorine gas, the hydrogen chloride gas or the hydrogen 
bromide gas to the etching chambers is carried out 
before the feeding of the PFC gas. The chlorine gas, 
the hydrogen chloride gas and the hydrogen bromide gas 
are the same acid gases as HF. 
[0056] 

The case of feeding a chlorine gas and a PFC 
gas to etching chambers will be described below. 
Discharged gas containing chlorine gas and PFC gas 
discharged from the etching chambers and the gas from 
vacuum pumps is fed to PFC treating apparatus 1 as shown 
in Fig. 1 through piping 40. Decomposition treatment of 
PFC in PFC treating apparatus 1 is carried out in the 
same manner as described in the embodiment of Fig. 1. 
Behavior of the chlorine gas in PFC treating apparatus 1 
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will be described below. 
[0057] 

Simulation gas containing No and 1% Clo was fed 
to PFC treating apparatus 1. The CI2 gas was passed 
through inlet packed column 8 and spray column 10 to 
reach reactor 2 through piping 42. The catalyst 
temperature was 750 °C (simulation gas flow rate: 60 
1/min.). The CI2 gas was substantially not removed in 
inlet packed column 8 and spray column 10. Air and 
reaction water were fed to reactor 2 at 10 1/min. and 15 
ml/min,, respectively. The CI2 gas is oxidized by the 
catalyst in catalyst cartridge 3 to turn to a HCl gas by 
reaction shown by the following reaction equation (6). 
[0058] 

2CI2 + 2H2O -> 2HC1 + O2 (6) 
The HCl gas is easily soluble in water and 
thus was absorbed into sprayed water in discharged gas 
washing column 13 and removed from the simulation gas.. 
The simulation gas was discharged from discharged gas 
washing column 13 at a CI2 concentration of 100 ppm. 
That is, 99% of CI2 was removed thereby. No HCl was 
detected in the discharged simulation gas. No corrosion 
by the Cl2.gas was found on ejector 24. 
[0059] 

[Effect of the Invention] 

According to the present invention, the 
frequency of maintenance inspection of an apparatus for 
treating perf luorocompounds can be considerably reduced 
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and the operating rate of the apparatus for treating 
perf luorocompounds can be increased. 

[Brief Description of Drawings] 
[Fig. 1] 

This is a structural diagram of an apparatus 
for treating perf luorocompounds according to one 
preferable embodiment of the present invention. 
[Fig. 2] 

This is a structural diagram of a 
semiconductor production plant in which the present 
apparatus for treating per f luorocompounds of Fig. 1 is 
incorporated . 
[Fig. 3] 

This is a vertical cross-sectional view of a 
cyclone shown in Fig. 1. 
[Fig. 4] 

This is a cross-sectional view along the line 
IV-IV of Fig. 3. 
[Fig. 5] 

This is a vertical cross-sectional view of 
ejector shown in Fig. 1. 
[Fig. 6] 

This is an enlarged cross-sectional view of 
zone VI of Fig. 5. 
[Fig. 7] 

This is a vertical cross-sectional view of 
discharged water tank shown in Fig. 1. 
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[Fig. 8] 

This is a diagram showing evacuating 
characteristics of ejector of Fig. 7. 
[Fig. 9] 

5 This is a structural diagram of an apparatus 

for treating per f luorocompounds according to another 
preferable embodiment of the present invention. 
[Fig, 10] 

This is a structural diagram of another 
10 example of a semiconductor production plant in which the 
present apparatus for treating perf luorocompounds is 
incorporated , 



[Description of Reference Numerals] 

1: apparatus for. treating perf luorocom- 
pounds; 2: reactor; 3: catalyst cartridge; 4: heater; 
6: cooling chamber; 1, 11 and 15: sprays; 8: inlet 
packed column; 10: spray column; 12: discharged water 
tank; 13: discharged gas washing column; 16: cyclone; 
19: lower compartment; 20: upper compartment; 
24: ejector; 25: ejector body; 27: injection nozzle; 
28: nozzle member; 29: injection member; 30: 
injection orifice; 34: ejection nozzle, 35: ejection 
passage; 46: discharged water piping; 50, 51 and 52: 
water feed pipes; 56: air feed pipe; 63: pressure 
control value; 67 and 70: etching apparatuses; 73A, 73B, 
73C and 73D: vacuum pumps; 81: compressed air feeder; 
82: pretreating apparatus. 



- 39 - 



A0002230IAI 



(0 51 ^. 




A00022301A1 



[116] 




29 



A00022301A1 



[07] 





EJECTOR 




20 40 60 



LVmin 

DISCHARGED GAS EJECTION FLOW RATE 



in 



I 




_ o 



[Title of Document] Abstract 
[Abstract] 

[Problem] To reduce the frequency of maintenance 
inspection of an apparatus for decomposing PFC. 
[Solving Means] PFC contained in a discharged gas is 
decomposed in catalyst cartridge 3 packed with a 
catalyst containing 80% AI2O3 and 20% NiO. The 
discharged gas containing acid gases as a decomposition 
gas is cooled in cooling chamber 6 and led to discharged 
gas washing column 13, where the acid gases are removed. 
Mists of acid gases (SO3 mists or NOx mists) entrained in 
the discharged gas are separed in cyclone 16. 
Compressed air at about 0.1 Mpa is fed to ejector 24 
through air feed pipe 56. The interior of ejector 24 is 
brought into a negative pressure state by the compressed 
air to suck the discharged gas from cyclone 16. Ejector 
24 can reduce a frequency of maintenance inspection, as 
compared with a blower. 
[Selected Drawing] Fig. 1 
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